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Description 

FIELD OF THE INVENTION 

This invention relates to guidewires used in the 
placement of catheters in cardiovascular surgical pro- 
cedures and, particularly, to improvements in small 
diameter steerable guidewires. 

BACKGROUND OF THE INVENTION 

This invention relates to a steerable guidewire 
having an adjustable J-shaped distal tip that is adapt- 
ed for use in small bore blood vessels such as the cor- 
onary arteries. Such guidewires typically are involved 
in percutaneous transluminal coronary angioplasty 
procedures. More particularly, the present invention 
concerns an improvement to the invention described 
in U.S. Patent 4,719,924. That patent discloses a 
small diameter steerable guidewire having an adjust- 
able flexible helical coil tip in which a pull wire extends 
the length of the guidewire, from its proximal to the 
distal tip of the coil. The distal tip of the guidewire nor- 
mally assumes a generally straight configuration but 
can be altered to a J-shaped configuration upon ten- 
sioning of the pull wire. The degree of curvature of the 
distal tip is dependent on the extent to which the pull 
wire is tensioned. 

Although the device described in U.S. Patent 
4,719,924 is highly effective in changing the curva- 
ture of the distal tip of the guidewire while the guide- 
wire is in the patient's blood vessel, there are some in- 
stances in which it would be desirable for the distal tip 
of the guidewire to be more flexible so as to be able 
better to follow the contours and unanticipated tortu- 
ous configurations of the patient's blood vessel. 
When the pull wire is tensioned to cause the distal tip 
of the guidewire to assume a curved configuration, 
the tension on the pull wire tends to stiffen somewhat 
and retain the distal tip of the guidewire in that curved 
configuration and presents resistance to bending of 
the distal tip of the helical coil to a more straightened 
or altered curved configuration in order to follow the 
irregularities of the patient's blood vessel. According- 
ly, there is a need for a small diameter steerable 
guidewire in which the curved configuration of the dis- 
tal end of the guidewire can be adjusted from the prox- 
imal end of the guidewire while the guidewire is dis- 
posed within a patient's blood vessel yet which per- 
mits flexure of the curved distal end of the guidewire 
to a more straight or altered curved configuration in 
order to follow the contours of the patient's blood ves- 
sel. It is among the general objects of the invention to 
provide such a guidewire. 

SUMMARY OF THE INVENTION 

The guidewire includes an elongate torsionally 



rigid shaft formed from a solid walled tube. A slot is 
formed in the distal end of the tube and a relatively 
short core wire is attached to and extends distally 
from the distal end of the tube. The core wire is attach- 

5 ed so as to leave a portion of the slot unobstructed. 
A helically wound outer spring coil is connected to and 
encloses the distal region of the tube and all of the 
core wire. The core wire, which is circular in cross- 
section throughout most of its length, has a distal por- 

10 tion that is flattened progressively toward its distal tip, 
the distal tip being attached to the distal tip of the hel- 
ical coil at a rounded tip weld end cap. The pull wire 
extends through the full length of the guidewire. The 
distal tip of the pull wire terminates short of the distal 

15 tip of the helical coil and is connected to the tip of the 
helical coil at the ronnded tip weld by a small diameter 
spring formed from small diameter wire. The pull wire 
extends proximaily between the core wire and the out- 
er helical coil, through the opening in the tube, and 

20 then through the tube, exiting at the proximal end of 
the tube. By varying the tension on the pull wire, the 
degree of curvature at the distal end of the guidewire 
can be varied controllably. Because the tip of the pull 
wire is connected to the tip of the outer coil by the 

25 small diameter extendable helical spring, the distal tip 
of the helical coil remains flexible, even though it is 
drawn into a J-curve. The flexibility of the small spring 
is such as to permit the distal tip of the wire to straight- 
en out or assume an altered curvature in order to fol- 

30 low the contours of the blood vessel. 

A tip adjustment mechanism is provided to control 
the longitudinal position of the pull wire. 

It is among the general objects of the invention to 
provide an improved small diameter steerable guide- 

35 wire having an adjustable curvature tip in which the tip 
may yield and flex from its curved configuration. 

Another object of the invention is to provide a 
small diameter steerable guidewire having an adjust- 
able curvature tip which incorporates a pull wire and 

40 in which the distal end of the pull wire is connected to 
the distal end of the guidewire by an extendable 
spring element. 

Another object of the invention is to provide a 
small diameter steerable guidewire having an adjust- 

45 able tip configuration which can straighten or assume 
an altered curvature in order to follow the contours of 
a patient's blood vessel even while the pull wire of the 
guidewire biases the tip in a curved configuration. 

50 DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advantages 
of the invention will be appreciated more fully from the 
following further description thereof, with reference to 
55 the accompanying drawings wherein: 

FIG. 1 is a fragmented side elevation of a catheter 

with the guidewire of the invention extending 

through the catheter; 
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FIG. 2 is an enlarged, fragmented and broken 
away illustration of the distal region of the guide- 
wire; 

FIG. 3 is a sectional illustration of the guidewire 
as seen along the line 3-3 of FIG. 2; 
FIG. 4 is a sectional illustration of the tip adjust- 
ment mechanism as seen along the line 4-4 of 
FIG. 1; 

FIG. 5 is a sectional illustration of the guidewire 

as seen along the line 5-5 of FIG. 3; 

FIG. 6 is a sectional illustration of the guidewire 

as seen along the line 6-6 of FIG. 3; 

FIG. 7 is a sectional illustration of the guidewire 

as seen along the line 7-7 of FIG. 3; and 

FIG. 8 is an illustration of the tip of the guidewire 

in a curved configuration. 

DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENT 

FIG. 1 illustrates the guidewire 10 of the present 
invention in combination with a balloon dilatation cath- 
eter 12. The catheter 12 may be generally of the type 
described in U.S. Patent 4,545,390 to Leary. The di- 
latation catheter 12, particular when intended for use 
in a small artery such as a coronary artery, is relative- 
ly slender and, for example, may have an outer diam- 
eter of the order of 1.27 mm (0.050"). The inner di- 
mensions of its lumens, of course, are even smaller 
and its main lumen may be of the order of 0.56 mm 
(0.022") diameter at its smallest cross-sectional di- 
mension. The catheter has a dilatation balloon 14 at 
its distal end and a central lumen which is used to de- 
liver liquids such as radiopaque dyes or anticoagu- 
lants and also to make distal pressure measurements. 
The main lumen of the catheter 12 opens at an outlet 
16 at the distal tip of the catheter. The catheter also 
is provided with an inflation lumen (not shown) which 
is smaller and communicates with the interior of the 
balloon 14 to inflate and deflate the balloon. The prox- 
imal end of the catheter may be provided with a Y-f it- 
ting 18 to provide communication at the proximal end 
of the catheter to each of the central and inflation lu- 
mens of the balloon dilatation catheter 12. 

As shown in FIGS. 1-3, the guidewire of the pres- 
ent invention includes an elongate main wire 20 which 
is hollow and is in the form of a solid walled tube hav- 
ing a central lumen 22. The main wire 20 may be 
formed from stainless steel hypodermic tubing. The 
main wire 20 extends along the major portion of the 
length of the guidewire. By way of example, inaguide- 
wire having an overall length of about 180 cm, the 
main wire 20 may have a length of about 150 cm. 
When the guidewire is used with a coronary angio- 
plasty catheter, the main wire has an outer diameter 
not greater than about 0.51 mm (.020") and, in the il- 
lustrative embodiment of the invention, has a wall 
thickness of 0.07 mm (.003"). The solid walled config- 



uration of the main wire is sufficiently torsionally rigid 
to transmit substantially fully and smoothly to the dis- 
tal end of the wire rotation applied at the proximal end. 
Thus, the distal end of the guidewire 1 0 can be caused 

5 to rotate in controlled increments to permit steering of 
the guidewire. 

An elongate helical outer coil, indicated generally 
at 24 is attached to the distal end of the main wire 20. 
The spring 24 extends along a relatively short portion 

10 of the overall length of the guidewire 1 0. For example, 
a guidewire having an overall length of about 1 80 cm 
may have a spring 24 about 30 cm in length. In the 
preferred embodiment of the invention, the outer di- 
ameter of the spring 24 is not substantially greater 

15 than that of the main wire 20 and, preferably, is the 
same diameter as the main wire 20. The distal end of 
the main wire 20 is reduced in outer diameter as by 
grinding or otherwise tapering the wire lengthwise so 
that it may fit within the proximal end of the spring 24 

20 in a manner which enables the diameter of the spring 
24 to remain substantially the same diameter as the 
main wire 20. 

The proximal end of the spring 24 is connected to 
the tapered end of the main wire 20 by a brazed joint 

25 28. The tapered distal end 26 of the main wire 20 is 
provided with a longitudinal slot 30 to permit passage 
of a pull wire, as will be described. The guide wire 10 
also includes a relatively short distal core wire 32 
which is secured to and extends distally from the dis- 

30 tal end of the main wire 20. In the illustrative embodi- 
ment the core wire may be about 31 cm long and may 
have a diameter of about 0.21 mm (.008"), the wire 32 
being tapered in a distal direction. The proximal end 
of the core wire 32 is received in the opening at the 

35 distal end 26 of the main wire 20 and is secured there- 
to with a brazed joint 34. The proximal end of the distal 
core wire 32 preferably is beveled, to define an up- 
wardly and distally inclined ramp as indicated in FIG. 
3 at 33, and is connected so that it terminates short 

40 of the blind end of the slot 30 to maintain a portion of 
the slot 30 open. The bevel at the end 33 of the core 
wire 32 enables a substantial portion of the slot 30 to 
be maintained open while providing an increased 
area of support for the core wire 32 by the distal end 

45 26 of the main wire 20. 

A distal portion of the core wire 32, about 13 cm 
in the illustrative embodiment, is generally tapered in 
a distal direction. The tapered configuration provides 
a progressively increasing flexibility along that por- 

50 tion of the guidewire. The tip of the distal core wire ex- 
tends to and is secured to a hemispherical tip weld 36. 
The core wire 32 is secured to the outer coil 24 at a 
distal brazed joint 38. The tapered portion of the core 
wire 32 may be formed in a stepped taper conf igura- 

55 tion including a tapered portion 35, a cylindrical por- 
tion 37, another tapered portion 39 and a terminal flat- 
tened portion 40. The tapered portion 35 may begin 
about 1 5 cm from the proximal end of the core wire 32 
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and may be about 4 cm long. The cylindrical portion 
37 may be 0.1 5 mm (.006") diameter and about 6 cm 
long. The tapered portion 39 and flattened portion 40 
into which it merges extend over an aggregate length 
of about 7 cm and are formed initially so that the prox- 5 
imal 6 cm portion is tapered (to about 0.051 mm 
(.002")) and the distal 1 cm is cylindrical, 0.025 mm 
(.001") diameter. The distal 3 cm of the tip, thus 
formed, then is dropped flattened to forge the distal 
2.5 cm into a tapering flattened ribbon-like segment. 10 
The foregoing tip configuration assures that when the 
pull wire is tensioned, the tip will flex generally along 
a plane that lies perpendicular to the general plane of 
the flattened tip portion. Additionally, the flattened tip 
portion makes the tip soft and flexible but in a manner 15 
that does not impair the ability of the tip to rotate with 
the guidewire as the proximal portion of the guidewire 
is rotated. 

In accordance with the invention, the configura- 
tion of the distal segment 41 of the helical coil 24 may 20 
be controlled to vary the extent to which it is bent or 
curved without requiring removal of the guidewire 
from the patient. For that purpose, a pull wire 44 is pro- 
vided. The pull wire extends nearly the full length of 
the guidewire, extending fully through the hollow main 25 
wire 20, through the slot 30 and between the core wire 
32 and the outer helical coil 24. The pull wire includes 
a proximal segment about 0.15 mm (.006") diameter 
that extends from the proximal end of the guidewire to 
a location just short of the longitudinal slot 30. The pull 30 
wire then is tapered at 45 and, from the end of the ta- 
per 45 to the distal tip of the pull wire, the pull wire is 
of a diameter of the order of 0.051 mm (.002"). The 
distal tip of the distal segment 52 of the pull wire is ap- 
proximately 2 cm short of the distal tip of the outer coil 35 
24 and is attached to the tip weld 36 by a small diam- 
eter helical spring 50 welded at one end to the distal 
tip of the tip segment 52 of the pull wire 44 and at its 
other end to the tip weld 36. The inner spring 50 may 
be of the order of 1 .75 cm long, may be formed from 40 
LTC wire (alloy of nickel, chromium and gold) of the 
order of 0.051 mm (.002") diameter into a coil approx- 
imately 0.21 mm (008") diameter. The LTC alloy pro- 
vides a spring with good resilience that is relatively 
easy to weld to the stainless steel components of the 45 
guidewire and which also provides a highly radiopa- 
que portion visible under fluoroscopy. The distal seg- 
ment of the guidewire normally tends to maintain a 
straight configuration but can be drawn to a curve of 
varying degree by pulling on the guidewire to the de- so 
gree desired as suggested in FIG. 6. 

FIG. 8 illustrates the configuration of the distal re- 
gion of the guidewire when the pull wire is tensioned. 
When tensioned, the inner spring 50 will expand 
somewhat while at the same time the outer coil 24 will 55 
be drawn into a curved configuration to a degree de- 
pendent on the degree to which the pull wire is ten- 
sioned. It will be appreciated, that because the pull 



wire is not directly connected to the tip weld 36, but is 
connected through the inner spring 50, the distal seg- 
ment of the outer coil 24 may flex to a straightened 
configuration even while the tension on the pull wire 
is maintained. Should such straightening or other 
change of curvature oppose the tension applied 
through the inner spring 50, the inner spring will yield 
and stretch as required in order to permit the outer coil 
24 to assume the particular configuration. Thus, even 
though the distal tip of the guidewire may be drawn to 
a desired curve, the distal tip still is free to bend and 
follow the contours of the vascular anatomy of a pa- 
tient, as required. 

FIG. 4 shows, in enlarged detail, the tip adjust- 
ment mechanism, indicated generally by the refer- 
ence character 53. The adjustment mechanism 53 in- 
cludes a cap 54 having a socket 56 which fits over the 
proximal end of the main wire 20. Socket 56 termin- 
ates in a shoulder 58 which abuts the end of the wire 
20. An opening 60 extends proximal I y from the socket 
56 and opens into an enlarged internally threaded 
bore 62. An adjustment screw 64 is threaded into the 
bore 62. The adjustment screw 64 is provided with a 
central bore 66 which terminates in a conical depres- 
sion 68 at the proximal end of the adjustment screw 
64. The pull wire 44 thus may extend through the main 
wire 20, opening 60, bore 62 and bore 66 of the ad- 
justment screw 64. An enlarged ball 70 or similar re- 
tention member is securely attached to the proximal 
end of the pull wire 44 and is seated within the depres- 
sion 68. Rotation of the adjustment screw is effective 
to increase or decrease the pull on the pull wire 44. 
An increased pull on the pull wire draws the distal seg- 
ment 38 of the guidewire to a curved configuration as 
suggested in FIG. 8, the extent of curve being de- 
pendent on the degree to which the pull wire 46 is 
pulled. The tip adjustment mechanism 52 may be ma- 
nipulated to impart the desired degree of curvature to 
the distal segment 38 and may remain in that position 
until it is desired to change the curvature. 

Thus, from the foregoing, it will be appreciated 
that the invention provides a small diameter steerable 
guidewire in which the curve at the distal tip may be 
controllably adjusted as desired from a straight con- 
figuration to a J configuration while the guidewire is 
in place in the patient and without requiring removal 
of the guidewire to adjust the tip. The flexibility of the 
curved distal tip, however, remains and it can assume 
a straightened or altered curved configuration in or- 
der to conform to the anatomy of the patient's vessel, 
as required. The distal tip of the guidewire and the 
connection between the pull wire and the distal tip of 
the helical coil are such as to permit yieldable move- 
ment between the two. The guidewire thus improves 
substantially the facility with which a dilatation proce- 
dure may be performed, particularly in small diameter 
blood vessels having tortuous passages such as the 
coronary arteries. 
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It should be understood, however, that the forego- 
ing description of the invention is Intended merely to 
be illustrative thereof and that other embodiments and 
modifications may be apparent to those skilled in the 
art without departing from the scope of the claims. 

Having thus described the invention, what I desire 
to claim and secure by letters patent is: 



Claims 

1 . A steerable guidewire comprising: 

an elongate solid walled tubular main wire 
(20) having a proximal and a distal end; 

an elongate helical coil (24) having proxi- 
mal and distal ends and being connected at its 
proximal end to the distal end of the main wire 
(20) and extending distally of the main wire; 

a distal core wire (32) having proximal and 
distal ends and being connected to and extending 
distally from the distal end of the main wire, the 
core wire (32) extending through the lumen (22) 
of the coil (24) and having a distal tip connected 
to the distal tip of the coil at a rounded end cap 
(36); 

means defining a pull wire opening (30) 
adjacent to the distal end of the main wire (20) 
and adjacent the proximal end of the distal core 
wire (32); 

a pull wire (44) having a proximal end and 
a distal end, the distal end of the pull wire (44) ter- 
minating short of the distal tip of the helical coil 
(24); 

the pull wire (44) extending between the 
core wire (32) and the coil (24) and through the 
opening (30) into the lumen (22) of the main wire 
(20), the pull wire (44) extending through the lu- 
men (22) of the main wire (20) to the proximal end 
of the main wire (20); characterized in that 

an internal longitudinally yieldable spring 
(50) connects the distal end of the pull wire (44) 
with the distal end of the helical coil (24); 

whereby the proximal end of the pull wire 
(44) may be pulled to apply tension to the pull wire 
(44) thereby to tension the internal spring (50) 
and to draw at least a portion of the distal seg- 
ment of the outer helical coil (24) into a curved 
configuration. 

2. A steerable guidewire as defined in claim 1 
wherein the outer diameter of the main wire (20) 
is not greater than about 0.51 mm (0.020"). 

3. A guidewire as defined in claims 1 or 2 wherein 
the core wire (32) is tapered in a distal direction 
and in which the distal tip of the distal core wire 
(32)is flat. 



4. A guidewire as defined in claim 3 wherein the in- 
ternal spring (50) is disposed eccentrically in the 
outer coil (24) and extends along the flat face of 
the flattened distal tip portion of the core wire 

5 (32). 

5. Aguidewire as defined in claim 4 wherein the dis- 
tal portion of the pull wire (50) from a location 
proximally of the pull wire opening (30) and ex- 

10 tending to the connection thereof with the internal 
spring (50) is reduced diameter. 



Patentanspruche 

15 

1 . steuerbarer Fuhrungsdraht mit: 

einem langgestreckten, festen, rohrfdrmi- 
gen Hauptdraht (20), der ein proximales und ein 
d is tales Ende besitzt; 

20 einer langgestreckten wendelformigen 

Wicklung (24), die ein proximales und ein distales 
Ende aufweist und an ihrem proximalen Ende mit 
dem distalen Ende des Hauptdrahtes (20) ver- 
bunden ist und sich distal vom Hauptdraht er- 

25 streckt; 

einem distalen Kerndraht (32) mit einem 
proximalen und einem distalen Ende, das mit 
dem distalen Ende des Hauptdrahtes verbunden 
ist und von diesem distal verlauft, wobei der 

30 Kerndraht (32) durch den Hohlraum (22) der 

Wicklung (24) verlauft und ein distales Ende auf- 
weist, das mit dem distalen Ende der Wicklung 
verbunden ist, an einer abgerundeten Endkappe 
(36); 

35 sich neben dem distalen Endstuck des 

Hauptdrahtes (20) und neben dem proximalen 
Endstuck des distalen Kerndrahtes (32) befin- 
denden Mitteln zur Definition einer Zugdrahtoff- 
nung (30); 

40 einem Zugdraht (44), der ein proximales 

Ende und ein distales Ende aufweist, wobei das 
distale Ende des Zugdrahtes (44) kurz vor dem 
distalen Endstuck der wendelformigen Wicklung 
(24) endet, wobei sich der Zugdraht (44) zwi- 

45 schen dem Kerndraht (32) und der Wicklung (24) 
und durch die Offnung (30) in den Hohlraum (22) 
des Hauptdrahtes (20) und durch den Hohlraum 
(22) des Hauptdrahtes (20) hindurch zum proxi- 
malen Endstuck des Hauptdrahtes (20) erstreckt, 

50 dadurch gekennzeichnet, 

daft eine innen angeordnete, in Langsrich- 
tung nachgebende Feder (50) das distale Ende 
des Zugdrahtes (44) mit dem distalen Ende der 
wendelformigen Wicklung (24) verbindet, wobei 

55 das proximale Ende des Zugdrahtes (44) angezo- 

gen werden kann, urn Zugspannung auf den Zug- 
draht (44) auszuuben und damit die Innenfeder 
(50) anzuspannen und zumindesteinen Abschnitt 
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des dislalen Segments der wendelfdrmigen Au- 
Benwicklung (24) in eine gekrummte Konf igurati- 
on zu Ziehen. 

2. Steuerbarer Fuhrungsdraht nach Anspruch 1, 
wobei der AuRendurchmesser des Hauptdrahtes 
(20) nicht grofcer als ungefahr 0.51 mm (0.020") 
ist. 

3. Fuhrungsdraht nach Anspruch 1 Oder 2, wobei 
derKerndraht (32) in einerdistalen Richtung ver- 
jungt ist und das distale Endstuck des distalen 
Kerndrahtes (32) f lach ist. 

4. Fuhrungsdraht nach Anspruch 3, wobei die In- 
nenfeder (50) exzentrisch in der Au&enwicklung 
(24) angeordnet ist und sich entlang der f lachen 
Seite des abgefiachten Abschnitts des distalen 
Endstucks des Kerndrahtes (32) erstreckt. 

5. Fuhrungsdraht nach Anspruch 4, wobei der dista- 
le Abschnitt des Zugdrahtes (44) von einer proxi- 
malen Stelle der ZugdrahtSffnung (30) aus und 
sich zu deren Verbindung mit der Innenfeder (50) 
erstreckend im Durchmesser verjungt ist. 



Revendications 

1. Fil de guidage orientable comprenant : 

- un fit principal allonge (20) tubulaire a paroi 
solide, ayant une extremite proximale et une 
extremite distale; 

- un enroulement helicoTdal allonge (24) ayant 
une extremite proximale et une extremite dis- 
tale et etant re lie a son extremite proximale a 
I'extremite distale du fil principal (20) et 
s'etendant distalement par rapport au fil prin- 
cipal ; 

- un fil axial distal (32) ayant une extremite 
proximale et une extremite distale, etant relie 
a I'extremite distale du fil principal et s'en 
etendant distalement, le fil axial (32) s'eten- 
dant a travers le canal (22) de I'enroulement 
(24) et ayant un bout distal relie au bout distal 
de I'enroulement par une tete d'extremite 
arrondie (36) ; 

- des moyens def inissant une ouverture (30) 
pour un fil de traction, voisins de I'extremite 
distale du fil principal (20) et voisins de I'extre- 
mite proximale du fil axial distal (32) ; 

- un fil de traction (44) ayant une extremite 
proximate et une extremite distale, I'extremite 
distale du fil de traction (44) se terminant peu 
avant le bout distal de I'enroulement helicoTdal 
(24); 

- le fil de traction (44) s'etendant entre le fil 
axial (32) et I'enroulement (24) et a travers 



I'ouverture (30) dans le canal (22) du fil prin- 
cipal (20), le fil de traction (44) s'etendant 
dans le canal (22) du fil principal (20) jusqu'a 
I'extremite proximale du fil principal (20), 

5 caracterise en ce que 

un ressort interieur souple longitudina- 
lement (50) reunit I'extremite distale du fil de 
traction (44) avec I'extremite distale del'en- 
roulement helicoidal (24), 

10 de sorte que I'extremite proximale du 

fil de traction (44) peut dtre tiree pour appli- 
quer une tension au fil de traction (44), met- 
tant ainsi sous tension le ressort interieur (50) 
et tirant ainsi au moins une portion du seg- 

15 ment distal de I'enroulement helicoTdal (24) en 

une configuration recourbee. 

2. Fil de guidage orientable selon la revendication 1, 
dans lequel le diametre exterieur du fil principal 

20 (20) n'est pas superieur a environ 0,51 mm. 

3. Fii de guidage selon les revendications 1 ou 2, 
dans lequel le fil axial (32) est eff ile en direction 
distale et le bout distal du fil axial (32) est plat. 

25 

4. Fil de guidage selon la revendication 3, dans le- 
quel le ressort interieur (50) est dipose de manie- 
re excentree dans I'enroulement exterieur (24) et 
s'etend le long de la face plate de la portion de 

30 bout distal aplati du fil axial (32). 

5. Fil de guidage selon la revendication 4, dans le- 
quel la portion distale du fil de traction (44), de- 
puis un point proximal de I'ouverture (30) du fil de 

35 traction et jusqu'a sa reunion avec le ressort in- 
terieur (50) est a diametre reduit. 
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